brilliance and chroma of the angel food cake product, producing a white rather than yellow product (Grewe & Child, 1930) .
The amount of cream of tartar to use per egg white to produce optimum volume, texture, stability, and taste has not been determined. No published work has evaluated optimal amount of cream of tartar in angel food cakes, and cookbooks show considerable variation, with recipes recommending 1/20 tsp (Franey & Flaste, 1994) , 1/12 tsp (Rombauer, Becker, & Becker, 1997) , or 1/8 tsp cream of tartar per egg white (Kozar, 1999; Schmidt, 1998) . The time of cream of tartar addition also varies in recipes, with additions before beating (Kozar, 1999; Rombauer et al., 1997) or at the foamy stage (Franey & Flaste, 1994; Schmidt, 1998) . Acid can influence foaming properties of egg white proteins. No published work shows the significance of the time of cream of tartar addition on the quality of the angel food cake product.
Protein interactions play a significant role in the structure of egg white foam products. The different physical properties of proteins influence their capacity for foam formation and stability. External factors, including pH and temperature, do significantly affect the foaming properties of proteins (Kinsella, 1981) . The addition of acid, in the form of cream of tartar, to an egg white foam system lowers the pH and increases foam stability (Bailey, 1935; Barmore, 1934 Barmore, , 1936 Waniska & Kinsella, 1979) . Changes in pH alter the net charge and conformation of proteins. Acid addition lowers the pH closer to the isoelectric point of the foaming proteins of the egg white. There are decreased electrostatic repulsions between proteins near their isoelectric points. Therefore, proteins pack closer at the air/liquid interface in the foam and viscosity increases. The stronger protein films are less permeable to entrapped air, creating a more stable foam (Waniska & Kinsella, 1979) .
Temperature of egg whites has also been reported to affect the foaming properties of the proteins. St. John and Flor (1931) studied the whipping of eggs using a hand-operated eggbeater. Chilled egg whites produced a decreased volume of foam when beaten and also required a longer beating time compared to room temperature egg whites. Based on results from this study, allowing eggs to warm to room temperature (18-21°C) before beating was recommended. Miller and Vail (1943) conducted a study to determine the best egg white temperature to use for angel food cake production. An electric mixer was used, and egg whites at 21°C produced a more tender angel food cake with greater volume than egg whites at 4°, 10°, or 16°C. Egg whites at 21°C also produced a cake with whiter crumb 112 FAMILY AND CONSUMER SCIENCES RESEARCH JOURNAL color (Miller & Vail, 1943) . McWilliams (1997) has suggested that room temperature egg whites have lower surface tension and result in angel food cakes of maximum volume. In contrast, research with isolated egg proteins suggested that decreased temperature improved foaming properties of proteins. Increased temperature decreased viscosities of raw egg albumin (Gosset, Rizvi, & Baker, 1983) . Foaming properties of ovomucin (protein contributing to the structure of thick egg white) decreased proportionally to decreases in viscosity (Kato, Oda, Yamanaka, Matsudomi, & Kobayashi, 1985) . Using a foaming apparatus, Waniska and Kinsella (1979) observed that the foaming properties of ovalbumin improved as temperature decreased from 40°to 2°C. These studies used proteins and foams as model systems; however, there is a need for conclusive results about the significance of the temperature of the egg white at the time of beating for edible products.
The purpose of this study was to evaluate various objective and sensory characteristics of angel food cakes prepared under the conditions specified by the factorial combinations of different amounts of cream of tartar, time of cream of tartar addition, and egg white temperatures.
METHOD

Angel Food Cake Preparation
Twenty-four angel food cakes, two replications of 12 treatment combinations (see Table 1 ), were prepared. Treatments were formed by all possible combinations of the following factors: three amounts of cream of tartar (0.83, 1.25, or 2.50 g, equivalent to 1/12, 1/8, or 1/4 tsp per egg white), two times of cream of tartar addition (before beating eggs or at the foamy stage), and two egg white temperatures equivalent to refrigerator or room temperatures (2° or 22°C).
Three treatment combinations, selected at random, were prepared each day using the following procedures. The angel food cake formula and procedures used were adapted from the Food Study Manual by Helen Charley (1982) , with variations in amount of cream of tartar and time of cream of tartar addition. Cake flour (33.75 g) was sifted with one fourth of the sugar (22.50 g). Egg whites (103.50 g) were beaten with a General Electric (Model 62540) handheld electric mixer on high speed (whip) to the foamy stage. Cream of tartar (0.83, 1.25, or 2.50 g) was added immediately before beating or at the foamy stage. Salt (0.68 g) and vanilla (2.00 g) were added at the foamy stage and beating continued until the foam formed soft peaks when the beaters were withdrawn. The remaining sugar (67.50 g) was added, two tsp at a time, and beating continued to the soft-peak stage (when the foam formed peaks with slightly rounded tops). One fourth of the flour/ sugar mixture was sifted at a time over the meringue and folded in manually by 10 strokes of a spatula. Cakes were baked in an ungreased 18.7 × 9.2 × 5.7-cm pan in a preheated oven at 177°C (350°F) for 30 minutes. Baked cakes were inverted immediately and cooled to room temperature.
Objective Evaluation
During cake preparation, the following objective evaluations were made: pH of the egg whites, whip time to reach the soft-peak stage, and specific gravity of each batter before and after the flour was folded in. Specific gravity of each batter was calculated by dividing the weight of the batter by the weight of an equal volume of water. Whip time was recorded in seconds for each cake prepared (from the start of beating until the egg white foam reached the soft-peak stage). A Corning ion analyzer 250 was used to measure pH, standardized with a 7.0 pH buffer solution. The pH of the blended raw egg white for each cake was measured; pH for all raw egg whites was between 8.6 and 8.8.
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FAMILY AND CONSUMER SCIENCES RESEARCH JOURNAL The pH of each cake was measured after cakes were baked and cooled and after macerating 2.50 g cake with 15 ml distilled water. Cake slice area was used as an index of volume. Area of a center slice was taken by cutting vertical cross-sections through the cake centers. Then a compensating polar planimeter was used to trace around the slice outlines; duplicate measurements were taken. Interior color and crust color of the angel food cakes were evaluated with a Hunterlab Labscan Spectrocolorimeter using fluorescent lighting. Mean results were expressed as a, b, and L values, with scales for a measuring redness-greenness (positive values being red and negative values being green), b measuring yellowness-blueness (positive values being yellow and negative values being blue), and L measuring lightness-darkness (lower values being darker and higher values being lighter; 0 = black and 100 = white). The instrument was standardized with a white tile and a 2 cm diameter opening in the viewpoint.
Sensory Evaluation
Slices 2 cm thick were cut from each cake and coded with random three-digit numbers. Six females (20 through 26 years of age) from a basic food science undergraduate course volunteered to serve on the taste panel. Initial training and orientation consisted of familiarizing the panelists with the sensory characteristics to be evaluated and with the use of the line scale; panelists were then presented with three cake samples to evaluate for a practice session. A 15 cm unstructured line scale was used to evaluate crust color, crumb color, cell size, tenderness, sweetness, off-flavor, and preference. The following terms were given next to a vertical mark at the left end of the scale to represent a low degree of the attribute: pale, not white, extremely fine cell size, not tender, not sweet, no off-flavor, and disliked. Ahigh degree of the attribute was represented by the following terms given next to a vertical mark at the right end of the scale: dark brown, extremely white, large cell size, extremely tender, extremely sweet, intense off-flavor, and liked.
Statistical Analyses
All statistical analyses were performed using the Statistical Analysis System (SAS Institute, Inc., 1990 ). An ANOVA was conducted with the full model, including main factors (amount of cream of tartar, time of cream of tartar addition, and egg white temperature) as well as two-and three-way interactions. In addition, individual t tests were Oldham et al. / ANGEL FOOD CAKE 115 conducted to identify the factors that significantly influenced each of the objective and sensory characteristics. Simple linear regression analysis was used to evaluate microscopy and image analysis results. Statistical significance level was set at p £ .05 for all tests.
Microscopy
Four angel food cake samples were used. Three samples were from cakes prepared in the study made with different levels of cream of tartar (0.83, 1.25, and 2.50 g). An additional cake was prepared with no cream of tartar to use as a comparison. This cake was only used in microscopy and image analysis. It was not included in the study design previously described or in the statistical analyses. To control all factors except amount of cream of tartar, all cakes were prepared using egg whites at 22°C and cream of tartar added at the foamy stage. Egg white temperature and time of cream of tartar addition were arbitrarily chosen.
Small blocks, each about 0.5 cm 3 , of the different fresh cake samples were fixed in formalin-acetic acid alcohol, dehydrated in an ethanol series, and embedded in paraffin. Paraffin serial sections 10 mm in thickness were cut on a rotary microtome and mounted on glass slides for image analysis. The sections on glass slides were deparaffinized and stained with the periodic acid-Schiff's technique for non-water soluble carbohydrates. The matrices of the cake sample stained a magenta color and all voids were left unstained. The stained sections were dehydrated in an ethanol series and placed in xylene before adding Permount and cover slips.
Image Analysis
Light microscopic examination of sections of all cake samples (stained as described above) showed differentially stained matrices consisting of cake and voids (air space). To provide for optimum imaging, three specimen images from each of the four cake samples were arbitrarily chosen from different sections. Images were optically projected onto white paper where they were carefully traced at one magnification using a Leitz light microscope. These images were digitized using a JVC video camera attached to a Colorade video system, calibrated, processed, and stored on Bernouli disks using a KEVEX Delta IV system (DEC computer) with an image analysis software 116 FAMILY AND CONSUMER SCIENCES RESEARCH JOURNAL program capable of featuring the cake matrix and air space within the cake matrix. Both features were analyzed for area from three images for each sample, and the data were combined and averaged for comparison.
RESULTS
ANOVA results showed that the factors included in the model significantly influenced many of the measured objective and sensory characteristics: specific gravity after flour addition (F = 1.83, p = .037); pH of the cake ( Individual t tests were then conducted to identify the factors most significantly influencing the objective and sensory characteristics. Given the small sample size, data analysis was focused on effects of the main factors rather than main factors plus potential interactions. A t test of the difference between cakes made with different amounts of cream of tartar resulted in 11 cases in which the probability of a greater t was less than .05 (see Table 2 ).
The amount of cream of tartar used in angel food cake production significantly influenced objective and sensory characteristics. However, the time of cream of tartar addition was not influential. A t test of the difference between adding cream of tartar before beating or at the foamy stage resulted in no cases in which the probability of a greater t was less than .05, indicating no significant main effects on any of the objective and sensory characteristics evaluated.
A t test of the difference between 2°and 22°C egg whites resulted in only three cases in which the probability of a greater t was less than or equal to .05 (see Table 2 ). Those characteristics were: specific gravity after flour addition, Hunter color exterior b, and preference. Decreased specific gravity after flour addition and increased exterior yellow color were detected with increased egg white temperature. Angel food cakes prepared with 2°C egg whites were scored as more liked than cakes prepared with 22°C egg whites.
Of the three factors evaluated in this study (amount of cream of tartar, time of cream of tartar addition, and egg white temperature), Oldham et al. / ANGEL FOOD CAKE 117 amount of cream of tartar was most influential in affecting the batters, cakes, and sensory qualities. Therefore, mean results for cakes made with each level of cream of tartar (n = 8) were calculated, and the least significant difference test was used to identify significant differences between means at the .05 probability level (see Tables 3 and 4) . Increased amounts of cream of tartar generally increased specific gravity before and after flour addition, decreased cake pH, increased cake slice area, and caused the interior crumb to be whiter and the exterior crust to be darker. Figure 1 illustrates the effects of increased amounts of cream of tartar on increasing crumb whiteness, crust darkness, area of cake slice, and fineness of crumb structure. Whip time and specific gravities tended to be lowest with 1.25 g cream of tartar. Sensory evaluations indicated that increased cream of tartar levels significantly increased tenderness, crust brownness, and crumb whiteness. Although the difference is not significant, the overall preference of cakes made with 2.50 g cream of tartar was less than that of the other cakes, indicating that the upper limit of cream of tartar may have been reached. In addition, comments made by sensory panel members suggested that they found the cakes with the highest level of cream of tartar to be too tender. Microscopy and image analysis showed cake matrix area and air space area of angel food cakes almost perfectly negatively correlated, between air space area and amount of cream of tartar (see Figure 2) . The best-fit line was drawn based on regression analysis (y = 4246016 + 271020x); the line is not statistically significant at p = .05, most likely due to low sample number.
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DISCUSSION
The results from increased amounts of cream of tartar in angel food cakes are consistent with previous findings by Grewe and Child (1930) and Barmore (1934 Barmore ( , 1936 . Increased levels of cream of tartar enhanced the quality of the angel food cakes by increasing volume, whiteness of the crumb, and tenderness. Use of too much cream of tartar may produce lower quality cakes because of extreme tenderness, as noted by sensory panel members' comments.
Crust browning occurs due to the complexing of proteins and reducing sugars during baking; this series of reactions, known as the Maillard reaction, results in brown-colored pigments (Penfield & Campbell, 1990) . Darker crust color was noted in angel food cakes made with 2.50 g cream of tartar compared to cakes made with lower amounts of cream of tartar. The effect of decreased cake pH more strongly influenced interior crumb color. Increased whiteness of the crumb seen with decreased cake pH can be attributed to the flour high. In addition, using chilled eggs can reduce risk of food-borne illness for individuals who consume unheated batters containing eggs. Based on the results from this study, refrigerator-temperature egg whites are recommended for the production of angel food cakes. In addition, study results showed that angel food cakes made with 2.50 g cream of tartar (equivalent to 1/4 tsp per egg white) were the best in quality, evidenced by increased cake volume, crumb whiteness, and tenderness. Cream of tartar can be added before or after flour addition since measured objective and sensory characteristics were not affected by time of cream of tartar addition. This study focused on main effects of three variables (amount of cream of tartar, time of cream of tartar addition, and egg white temperature). Further research should be conducted with a greater number of angel food cakes to examine any potential interactions among the variables.
